Despite evidence that endophytic bacteria are capable of supporting plant growth under stress (Rolli et 65 al., 2015) , no data exist on the date palm endophytic bacteria and their role in the protection against 66 drought conditions. 67
Here, we aim to assess the ecology, rhizocompetence and capability of date palm endophytic bacteria 68 to support plant resistance to drought. We will address the following questions: (i) are geo-climatic 69 factors involved in shaping the endophytic community structure in date palm root?, (ii) do endophytes 
In vitro root adherence and co-colonisation assay on date palm and Arabidopsis thaliana. 129
Date palm root colonization by strain E141 was studied using a gfp-labelled mutant. Colonisation was 130 observed to persist after 72 h (Fig. 3A) . Co-colonisation competition assay with an exogenous 131 bacterial competitor demonstrated a selective colonisation capacity of strain E141. After 72 h exposure 132 to dsRED-labelled E. coli and gfp-labelled E141, only cells of the latter were detected on date palm 133 root rhizoplane (Fig. 3B) . Root colonization by the gfp-labelled E141 strain was also observed on 134 Arabidopsis root. Along time course experiments, microscopic observations of Arabidopsis roots 135 exposed for 1 h to the gfp-labelled P. brassicacearum strain E141 revealed green fluorescent cells 136 along the primary root (Supporting Figure 4A) . After 3 h of exposure, the organisation of bacterial cell 137 microcolonies was observed both on primary roots and root hairs (Supporting Figure 4B) . Five hours 138 after exposure to the strain, the expected arrangement of gfp-labelled cell clusters continued to adhere 139 to the rhizoplane (Supporting Figure 4C) . The gfp-labelled E141 strain had considerably colonised the 140 primary root after 24 (Supporting Figure 4D ) and 48 hours, while no cells of the dsRED-labelled E. 141 coli were observed on the root after 48 h from the initial bacterization (Fig. 3C) . The experiment 142 confirmed the ability of strain E141 to establish on the root system of a plant species other than its 143 original host. Fluorescent gfp-labelled E141 cells were detected in abundance on the rhizoplane of 144 both the studied plant root systems, and were also visible in longitudinal-sections of the roots, 145
suggesting its ability to penetrate root tissues ( Fig. 3B and C) . (Fig. 3D) Strains E102 and E141 were tested for their in vivo PGP potential during a nine months-long growth 156 experiment that included ten successive periods of induced water stress. During the experiment field 157 capacity was maintained at 50% while during the water stress periods it was decreased down to 15-158 20% by interrupting irrigation (Fig. 4A) . Bacteria-treated date palm plantlets had significantly more 159 fresh aerial and root biomasses than non-inoculated plants ( Fig. 4B and C, Supporting Table 4 and 5) . 160
Both strains increased fresh biomass of date palm shoot and root between 25-30% and 20-23%, 161 respectively ( Fig. 4B and C) . Dry biomass ( Fig. 4B and C) and number of leaves (Fig. 4D) confirmed 162 that bacterial inoculation significantly increased plant growth (Supporting Table 4 To improve the effectiveness of isolation of root endophytes from the inner part of date palm root, we 184 have initially tested a root-peeling approach (Sessitsch et al., 2002) . However, since we were not able 185 to obtain intact root cores, we have adopted a surface sterilization procedures with bleach and ethanol 186 Table 1 ). In each sampling 235 station, the roots of three healthy Deglet Nour date palms of similar age were collected at 40-60 cm 236 depth, where the root system is most dense and active. All root samples were collected using sterile 237 tools. In the laboratory, the root tissues were immediately surface-sterilized as described by Sun et al. 238 (2008) and the efficacy of the sterilization method was verified by plating the water from the last 239 washing step and by plating pieces of the sterilized root on Trypic Soy Agar (TSA). No colonies were 240 obtained from all the control plates after 10 days incubation at 30°C. Recovered samples were stored 241 at -20°C for molecular analysis and at 4°C for isolation. 242
243

DNA extraction, Real Time-PCR and PCR-DGGE analyses. 244
Three grams of surface-sterilised roots were ground in liquid nitrogen using a sterile mortar and pestle 245 to obtain a homogenous root tissue powder. Total DNA was extracted from 1 g of powdered root 246 tissue using the DNeasy Plant kit (Qiagen), according to the manufacturer's protocol. The DNA was 247 quantified and stored at -20°C until use. 248 One gram of sterilised root from each sampling station was ground in phosphate buffer saline (10 mM 262 K 2 HPO 4 , 10 mM KH 2 PO 4 , 0.14 M NaCl) using a sterile mortar and pestle. The suspension was diluted 263 in 10-fold series and plated onto TSA medium. After incubation at 30°C for 48 h, fast-growing 264 bacterial colonies representing different morphotypes were selected and spread three times on the 265 original medium. A total of 120 purified isolates were frozen in 25% glycerol at -80°C until use. The 28 isolates obtained after dereplication were screened for production of IAA, siderophores, 272 mineral phosphate solubilisation, nitrogen-fixation activity, EPS and ammonia production, protease The isolates in the collection were transformed with the pHM2-gfp plasmid (Favia et al., 2007) . Stable 278 transformants were obtained with P. frederikbergensis E102 and P. brassicacearum E141 strains as 279 described in the Supporting Methods 2. 280
The gfp-labelled strain E141 was selected for colonisation experiments on date palm and Arabidopsis 281 following the protocol described in the Supporting Methods 3. A co-colonisation competition assay 282 was performed using gfp-labelled E141 and dsRED-labelled E. coli, as described in the Supporting 283 
ZEN2009. 289
Quantification of the colonization of date palm roots by strains E102 and E141 were performed by 290 selective plating of the strains transformed with plasmid pHM2-gfp as described in Supporting 291
Methods 5. 292 293
The ability of Pseudomonas sp. to promote date palm growth in vivo under drought stress. 294
Date palm seeds (Phoenix dactylifera cv. Deglet Nour) were soaked in water for 48 h to soften the 295 mesocarp, sterilized with 90% ethanol for 2 min and then 1% sodium hypochlorite for 15 min 296 followed by three rinses in sterile distilled water. Surface-sterilized seeds were sown in a pot 297 containing 3 Kg of sterilized soil mixture (3:1 soil to sand). The soil mixture was sterilized by the TSA petri dish to evaluate the CFU. After 48 h at 30°C, the CFU g -1 of mixed soil had bacterial counts 301 < 10
1 . Seeds were coated once with the bacterial suspension strains E102 and E141 at a concentration 302 of 10 8 cells g -1 of soil; non-inoculated seeds were watered with sterile tap water. Seeds were 303 maintained at 30°C for 1 week and after germination the pots were transferred to a growth chamber 304 with ~100 µmol photons m -2 s of light for 12 h during the day; the average temperature is reported in 305 Levels of controlled drought stress during a 9-months period of date palm growth. Controlled drought periods were induced by interrupting irrigation for periods of time ranging between 6 and 12 d. Field capacity is indicated in grey; actual temperature in the greenhouse is shown by a black line; annual min (blue line) and max (red line) temperatures in the Ksar Ghilane oasis at the same time as the greenhouse experiment. Date palm growth promotion after a 9-months period of fluctuating water stress following the initial inoculation with two strains (P. brassicacearum E141 and P. frederiksbergensis E102) isolated from date palm roots sampled in the Ksar Ghilane oasis. Plant biomass after 9-months growth, expressed as mean of shoot (B) and root (C) fresh and dry weights ± standard error; number of leaves (D) and root and shoot length (E) ± standard errors. The data (averages, standard deviations and number of plants are reported in Supplementary Table 4) were statistically analysed through a PERMANOVA (Supplementary  Table 5 ); different letters represent statistically significant differences (p < 0.05) for each parameter. 376x316mm (72 x 72 DPI)
